INTRODUCTION {#sec1-1}
============

World-wide dissemination of the da Vinci surgical system has been associated with an increase in the number of robot-assisted radical prostatectomies (RARP) performed in Asia. The Japanese government included this surgery under medical insurance coverage as of April, 2012 and, since then, RARP has dramatically increased in Japan. Currently, 52 da Vinci surgical systems are installed in Japan and this number is increasing such that Japan has become one of the countries, which have the largest number of robotic surgeries among Asian countries.\[[@ref1]\]

One of the main reasons for the spread of robotic surgery is its precision, especially while dealing with the prostatic apex and urethra, bladder-urethra anastomosis and nerve-sparing (NS) technique.\[[@ref2]\] In particular, the NS technique may be important both for preservation of erectile function and urinary continence post-operatively.\[[@ref3]\] In Japan, there are few reports on the outcomes of robotic surgery.\[[@ref4]\]

Several NS techniques are described which differ in the plane of dissection between the peri-prostatic fascia and prostatic capsule and are referred to as intrafascial NS, interfascial NS and non-NS (extra-fascial) techniques.\[[@ref5][@ref6]\] In this study, we evaluated our consecutive initial RARP cases to determine if our technique of NS could be in fact performed according to the surgeons' intentions and the relationship between NS and postoperative continence and sexual function, using histological nerve identification with immunohistochemical (IHC) staining in the prostatectomy specimens.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Patients {#sec3-1}

The initial 43 patients who underwent RARP with NS techniques by the same surgical team at our institution between October 2010 and July 2011 were enrolled in this study. All cases were consecutive without any exclusion in order to reflect the real clinical situation and findings. The records of NS RARP in these patients were reviewed retrospectively. The data were analyzed focusing on whether the surgeons' intention to perform intrafascial NS, interfascial NS and non-NS surgery correlated with the degree of nerve preservation in the histopathological examination of the prostatectomy specimens, postoperative continence and sexual function .

### Surgeries {#sec3-2}

RARPs were performed using the method of Menon *et al*.:\[[@ref7]\](1) The first camera port (2.5 cm in diameter) was inserted via an open laparotomy method just above the umbilicus and the 3 da Vinci ports (0.8 cm in diameter) and 2 laparoscopic ports (1.2 cm in diameter) were inserted under laparoscopic observation; (2) prostatectomy was performed via the antegrade and lateral approach; (3) bladder-urethral anastomosis was performed using a continuous suture; (4) bilateral pelvic lymphadenectomies were performed; (5) a single intrapelvic drain was inserted; (6) peritoneum, fascia of rectus muscle, subcutaneous tissue and skin were closed. In the NS technique, surgeons aimed to spare and detach the neurovascular bundle (NVB) from prostate as described by Ko *et al*.\[[@ref8]\] and the layer to spare was decided according to the relationship between the prostatic fascia, peri-prostatic fascia and prostate capsule. However, Walz *et al*. stated that the prostatic fascia consists of several layers (not a single sheet) and the extent to spare the fascia depends on the surgeon, particularly considering that its thickness has individual variation.\[[@ref9]\] We therefore considered that the layer to spare is between the prostatic capsule and the prostatic fascia for intrafascial NS and between the prostatic fascia and the lateral pelvic fascia or peri-prostatic fascia for interfascial NS.\[[@ref6]\] The indication for NS was based on clinical T stage (cT1c or T2), from digital rectal examination and magnetic resonance imaging (MRI) findings, the patient\'s sexual function on the International Index of Erectile Function (IIEF-5) as well as patient preferences. The indication for NS was decided separately for each prostate lobe, resulting in 86 prostate lobes to examine in this study.

### IHC analyses {#sec3-3}

The presence and distribution of peri-prostatic neurovascular structures were histologically evaluated in the prostatectomy specimen. A mid-gland section of each prostate was immunostained with the S-100 antibody for quantitative analysis of nerves. Nerves and ganglions exclusively in peri-prostatic locations were counted. We noted staining especially around the prostatic capsule to identify the distribution of nerves in NS cases (or sides) and non-NS cases (or sides), comparing them especially for the difference between intrafascial and interfascial NS. The histopathology of prostatectomy specimens was assessed on hematoxylin and eosin stained slides. IHC staining of tissue specimens was performed by a Dako Autostainer Plus System (Dako Corporation, Carpinteria, CA) using the rabbit polyclonal antibody against S-100 (1:1000, Leika Biosystem Newcastle Ltd, Newcastle, UK) or by the BenchMark XT IHC/ISH Staining Module (Ventana Medical Systems, Inc., Tucson, AZ) using the rabbit polyclonal antibody against S-100 (1:2000, Thermo ELECTRON Corporation, Waltham, MA). Tissues were deparaffinized, rehydrated and subjected to 15-min double endogenous enzyme block, 3-min triple wash, 10-min non-specific protein absorption and overnight primary antibody reaction followed by a 3-min triple wash and 10-min 2^nd^ antibody (biotin signaling anti mouse/rabbit immunoglobulin, Dako Corporation) incubation at room temperature. Antigenic signals were detected by adding diaminobenzidine as a chromogen of horseradish peroxidase and slides were counterstained by hematoxylin. All the reagents were obtained from Dako Corporation unless otherwise indicated. For quantification, 100 cells at 3 randomly selected areas in which the stained lesions tended to look more than other parts were assessed at ×100 magnification and the positive S-100 stained cells were recorded with the positive intensity of S-100 staining distributed from (−) to (++). Two independent observers scored the quantification of positively stained nerves and their averages were evaluated. They were blinded to the information of NS as assessed by the surgical team.

### Evaluation {#sec3-4}

We counted the number of S-100 positively stained nerve fibers in prostatectomy specimens and compared these data with the surgeon\'s intention to perform intrafascial NS, interfascial NS and non-NS surgery. Middle section of prostate specimen was evaluated for NS in this study. The urinary continence and sexual function (potency) were also evaluated at 6 months after the operation. The definition of urinary continence was pad free and that of potency was decided by whether vaginal penetration was possible.

### Statistical analyses {#sec3-5}

Statistical analyses were performed by Student\'s t tests using JSTAT (Java Virtual Machine Statistics Monitoring Tool) with *P* \< 0.05 considered to indicate statistical significance.

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Patient backgrounds {#sec3-6}

Patient prostate specific antigen (PSA) level was 8.05 ± 3.70 ng/ml. The stage distribution was pT2a in 10 cases, pT2b in two cases, pT2c in 22 cases, pT3a in six cases and pT3b in one case (2 were non-gradable). However, six out of these seven cases were diagnosed as clinical T2c and one of them had a suspicion of T3 disease but the patient strongly desired NS. Fortunately, this patient did not have any PSA failure post-operatively in 2 years follow-up. The Gleason score was 3 + 3, 3 + 4, 4 + 3 and 4 + 4 in 11, 13, 6 and 11 cases, respectively \[[Table 1](#T1){ref-type="table"}\]. Nerve sparing was performed in 43 patients; 6 intrafascial NS, 46 interfacial NS and 34 non-NS \[[Table 2](#T2){ref-type="table"}\].

###### 

Patients' backgrounds
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###### 

NS (nerve sparing) in 86 prostatic half (43 patients)
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### Histopathological findings in NS {#sec3-7}

[Figure 1](#F1){ref-type="fig"} shows the IHC for each NS method (intrafascial NS, interfascial NS and non-NS). Quantitative S-100 IHC data showed that the average number of nerve fibers counted per prostatic half was 37.2 ± 20.6 in the 86 prostatic lobes. The detailed distribution of resected nerve fibers using NS revealed 13.7 ± 13.5, 30.5 ± 15.0 and ± counts with intrafascial NS, interfascial NS and non-NS, respectively. The differences in the number of nerve bundle counts in the three groups was statistically significant (*P* \< 0.05) \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

![Immunohistochemical (S-100) analyses are shown. More positively-stained neurons are seen with non- nerve sparing than with intrafascial or interfascial NS. These differences are statistically significant \[[Table 2](#T2){ref-type="table"}\]](IJU-30-268-g003){#F1}

### Functional outcomes and NS {#sec3-8}

Patients who were continent at 6 months after surgery had significantly less number of nerve fibers resected with the prostate than the incontinent group (*P* = 0.013) \[[Table 3](#T3){ref-type="table"}\]. The number of nerve fibers resected in the potent group tended lower than the impotent group but the difference was not significant (*P* = 0.057).

###### 

Comparison of thenumber of resected nerve fibers 6 months after operation
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DISCUSSION {#sec1-4}
==========

Robotic surgery has spread rapidly, in part because of the facilitation of delicate surgical techniques\[[@ref10]\] and many surgeons feel that this technique may make it easier to offer nerve sparing than open or laparoscopic surgeries.\[[@ref11][@ref12]\] In addition, robotic surgery offers better surgical vision due to the wide range of the endoscopic camera with three-dimensional surgical vision, allowing surgeons to recognize the different layers.\[[@ref13]\] Robotic surgery is expected to enable better cancer control and better post-operative quality-of-life (QOL) than other modalities partly due to the higher costs of robotic surgeries than open or laparoscopic surgeries.\[[@ref14]\] Two of the most important aspects of QOL are urinary continence and erectile function\[[@ref15]\] and these are expected to be improved using delicate techniques such as NS procedures.\[[@ref16]\]

After conventional NVB sparing surgery was first developed by Walsh and Talcott *et al*.,\[[@ref17][@ref18]\] several new concepts have emerged such as the Veil technique and the recognition of the thickness of prostatic fascia for NS.\[[@ref19][@ref20]\] The former was reported by Kaul *et al*.\[[@ref21]\] who found that nerve fibers exist not only in the postero-lateral parts but also in the lateral and ventral parts around the prostate\[[@ref22]\] and surgeons need to be conscious of this fact when selecting surgical layers for NS.\[[@ref23]\] We define as intrafascial NS when no prostate fascia tissue remains on the prostatic capsule and as interfascial NS when parts of prostatic fascia are left on the prostatic capsule.\[[@ref24]\] There are very few reports on the correlation between intrafascial NS, interfascial NS and non-NS and the distribution of nerves in the resected prostates based on histopathological data, especially in robotic surgery.\[[@ref22]\] In open or laparoscopic surgery, Shigemura *et al*. and Greco *et al*. showed that NS procedures left more nerve tissues than non-NS surgery\[[@ref25][@ref26]\] and similar studies were also reported in robotic surgeries.\[[@ref27]\]

In our country, the number of RARPs is dramatically increasing and it is necessary to examine NS outcomes. Our study demonstrates that NS can be performed even by surgeons with relatively little experience of RARP without comprising surgical margin status even though we included high Gleason score cases in about 30% cases (data not shown). Long-term outcomes in RARP NS and the number of cases needed to reach proficiency in NS as verified by histopathological examinations such as those in this study are needed.

We also evaluated functional outcome based on the number of nerve fibers resected. The number of nerve fibers in continent group was significantly lower than the incontinent group. As for potency, that in potent group was lower that inpotent group but there was also a not significant difference. These results mean that our technique of NS was appropriate not only histologically but also functionally. Previous studies have reported that high degree of NS technique significantly correlated with early return of urinary continence\[[@ref28]\] and improving potency outcomes,\[[@ref29]\] suggesting our study and results were supported by those of high volume center with larger experience.

We suggest performing independent NS surgeries on each prostate lobe in T2 or T1c prostate cancer based on the location and aggressiveness of cancer. This is partly possible due to the improved diagnostic power of MRI and the fact that the number of NS RARP procedures in Japan is still comparatively low due to its recent adoption.\[[@ref28]\] We have several limitations. First, this is a retrospective study with a small number case from our initial experience and this may explain the comparatively fewer nerve fibers than other studies.\[[@ref30]\] This may suggest success of NS even for comparatively less experienced surgeons and that our spared layers might be closer to the prostatic capsule. Second, we lack the histopathological data of resected tissues of prostatic fascia and its distribution between intrafascial, interfascial and non-NS. These will be studied in our future work.

CONCLUSION {#sec1-5}
==========

Our data showed that NS RARP could be performed as per the surgeons' intention and this was verified quantitatively by the number of nerve fibers resected with the prostate. This also significantly correlated with urinary continence.
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